source of rambutan seeds for fat extraction. The seeds are reported to be edible after roasting but have a bitter taste and narcotic properties 4 . The fat has been used in cooking and the manufacture of soap 4, 9 12 . The fat contains oleic and arachidic acids as the dominant fatty acids 12 16 . Rambutan seed fat also has the potential for conversion into a biodiesel or fuel extender because of its high cetane index 67.1 12 . It may also be developed into specialty chemicals.
The amino acid profile of the seed protein showed that the protein is of a good quality 15 . Rambutan roots, bark and leaves have various uses in medicine and in production of dyes 11, 16 . Accordingly, the present work was carried out to determine the physico-chemical properties of the fat derived from the seeds of red-skin rambutan fruits, so as to gauge its potential applications.
Materials

Preparation of sample
Mature red rambutan fruits clone R99 that were used throughout the experiment were obtained from a local supplier in Serdang, Selangor, Malaysia. The seeds were removed, cleaned under running tap water and then dried overnight in the oven at 60 . The dried seeds were kept in a sealed bottle under cool dry storage. For analysis, the seeds with the kernel were finely ground in a Waring blender Model 32BL80, Dynamic Corporation of America, New Hartford, Connecticut, USA before use. Chemicals used for extraction of fat and analysis were of general and analytical grades. Five batches of seeds from fruits obtained at different times were prepared, pooled and used in this study.
The proximate analyses of the sample for moisture content, crude protein micro-Kjeldahl , crude fiber and fat Soxhlet contents were determined using the method described by Pearson 17 . The ash content was determined using the method of Pomeranz and Meloan 18 and total carbohydrate was calculated by difference 100 moisture fat/oil protein crude fiber ash . The solvent used in Soxhlet extraction was petroleum ether . All determinations were done in triplicate.
Fat extraction
One hundred and fifty grams of red-skin rambutan ground seeds were put into a cellulose paper Whatman No. 1 cone and transferred into a 5 L Soxhlet extraction set and the fat was extracted with petroleum ether 40-60 for 8 h 19 . The fat was recovered using a rotary evaporator Model N-1, Eyela, Tokyo Rakakikal Co., Ltd., Tokyo, Japan . The extracted fat was placed in an oven at 60 for 1 h and transferred into a blue-capped reagent bottle and stored at 20 until needed for analysis. Prior to analysis, the fat was removed from frozen storage, left standing at room temperature 25 for 1 h and then warmed at 60 until completely melted.
Determination of iodine and saponification values,
unsoponi able matter and free fatty acid contents Determinations for iodine and saponification values, saponifiable matter and free fatty acid contents were carried out using AOAC 19 standard analytical methods.
Determination of fatty acid composition of seed fat
The fatty acid composition was determined after conversion of the fat into methyl esters FAME according to the method of Cocks and van Rede 20 by reacting 50 mg of fat with 0.05 mL of 1 mol/L sodium methoxide in 0.95 mL of nhexane. The mixture was vortexed for 5 seconds and allowed to settle for 5 minutes. The top layer 5 10 4 mL was injected into a gas chromatograph Shimadzu GC-14A, Shimadzu Corporation, Kyoto, Japan fitted with a FID detector. A polar capillary column BPX70 was used at a column pressure of 10 psi. The initial temperature of column was 90 and increased to 110 , held for 1 min. Then, it was increased at the rate of 8 /min to 220 for 1 min. The temperature of the injector and detector was maintained at 240 . Individual peaks of fatty acid methyl esters were identified by comparing their retention times with those of standards Supelco, Bellefonte, PA using the same method.
Determination of triacylglycerol TAG pro le
The TAG profile of the fat was obtained by non-aqueous reverse-phase HPLC using a Shimadzu Liquid Chromatograph LC-10AD Shimadzu Co., Kyoto, Japan , equipped with a system controller SLC-10Avp , an auto-injector, a 0.05 mL sample loop and a Shimadzu CR4AX-integrator, without first removing free fatty acids from the fat samples 21 . Separation of TAG was achieved using a commercially packed RP-18 column 250 4 mm, particle size 5µm, Merck, Darmstadt, Germany placed in a column oven at 30 . TAG were eluted with acetone/acetonitrile 63.5:36.5, v/v as the mobile phase at a flow rate of 1 mL/ min and detected with a refractive index detector Model RID-6A Shimadzu Co., Kyoto, Japan . The total run time was 1 h. Where possible, the TAG peaks were identified based on the retention time of TAG standards LLL, OLL, OOL, POL, PLL, OOO, POO, PPO, POP, SOO and SOS where L, O, P and S are linoleic, oleic, plamitic and stearic acids, respectively, Sigma-Aldrich, Inc. St. Louis, California, USA and the results of Ghazali et al. 21 and Long et al. 22 .
Peak areas produced by the data integrator were used to quantify the components based on relative percentages.
Determination of thermal behavior
A Perkin-Elmer Diamond Differential Scanning Calorimeter Shelton, Connecticut, USA was used to determine Characteristics of Nephelium lappaceum (red-skin rambutan) seed and fat the thermal properties of the fat according to the method used by Abdulkarim et al. 23 . The DSC instrument was calibrated with indium and zinc. The purge gas used was 99.99 nitrogen with a flow rate of 100 mL/min and a pressure of a 20 psi. An empty aluminium sample pan sealed with a lid was used as a reference. Sample of approximately 3-5 mg were sealed in sample pans and placed in the instrument s sample chamber. The fat sample warmed first at 60 to remove all crystal memory was cooled to -60 at the rate of 5 /min and held for 2 min. It was then heated to 60 at the rate of 5 /min normal rate and 100 /min past rate , and held at 60 isothermally for 2 min and cooled from 60 to 60 also at the rate of 5 /min. The heating and cooling thermograms were recorded and the peak, onset and offset temperatures were tabulated. The melting point, determined as the temperature where the samples were completely melted, was established from the heating program.
Solid fat content determination
The solid fat content between 0-40 was determined using a Minispec Brucker wide-line pulse nuclear magnetic resonance spectrometer Model mq20 NMR Analyzer Karlsruhe, Germany based on the direct measurement All measurements were done in three replicates.
Color determination
Liquefied fat samples were placed into a 1 inch cell and the color was determined using a Lovibond tintometer Model E Salisbury, England at 30 by achieving the best possible match with the standard color slides of yellow Y and red R indices.
Aroma pro ling
The aroma volatile compounds profiles of red-skin rambutan seed fat were analysed using an Ultra Fast GC Analyzer zNose, Model 7100 Electronic Sensor Technology Company, Newbury Park, CA . Analysis was done by placing the seed fat in different universal bottles filled up to half capacity. Then, the bottles were covered with two layers of parafilm and the samples were heated at 60 in an oven for 15 min. This procedure was to allow the emission of aroma compounds. The vapor sample was introduced into the electronic nose via an inlet. The column Model DB-5 temperature was programmed from 40 to 200 and Surface Acoustic Wave SAW quartz microbalance detector temperature was 60 . The helium gas flow was 3. 
Statistical analysis
In all analyses, three replicates were used and the results were expressed as mean value standard deviation.
Results and Discussion
Proximate analysis
Analysis of the red-skin rambutan seed showed that it contained 9.6 3.52 moisture, 38.0 4.36 fat, 13.7 1.28 crude protein, 7.6 0.14 crude fiber, 2.4 0.32 ash and 28.7 0.43 carbohydrate by difference Table   Table 1 Proximate composition (%) of red-skin rambutan seed and fat content of other seeds. 3.2 Iodine, saponi cation, unsaponi able matter and free fatty acid values The iodine value is a measure of the degree of unsaturation of the fat/oil. The iodine, saponification, unsaponifiable matter and free fatty acid values fat under study were 50.27 g I2/100 g, 182.10 mg KOH/fat g, 0.5 0.12 and 6.1 2.33 , respectively 30 and is expected to decrease following refining.
Fatty acid composition
The fatty acid composition of the rambutan seed fat is shown in Harahap et al. 13 and Solís-Fuentes et al. 14 butters. The high degree of saturation of rambutan seed fat is largely due to the presence of arachidic acid, whereas for Illipé butter 31, 32 , kokum butter 31 and shea butter 33 , it is due to the presence of stearic acid. On the other hand, both palmitic and stearic acids contribute to the high degree of saturation of cocoa butter 29 . The presence of a high percentage of arachidic acid and a high degree of saturation caused the red-skin rambutan seed fat to become semi-solid at room temperature 25-27 . The color of the fat is important to determine a product s suitability for a particular purpose. The rambutan seed fat was yellowish brown in colour 3.1Y 1.1R . It is suitable used in food products since its color is comparable with other commercial fats/oils.
Triacylglycerol TAG composition
The distribution of TAG determined by HPLC of the rambutan seed fat and several other vegetable fats is shown in Table 4 . Figure 1 shows a typical TAG profile of rambutan seed fat. The fat from rambutan seed took 90 minutes to complete the elution process from the RP-18 column, indicating that it possessed high molecular weight TAGs compared to cocoa butter, due largely to the fat s high content of arachidic acid. Due to unavailability to the appropriate TAG, the possible identity of these TAGs is based on carbon numbers which ranged from C56, C58 and C60, obtained from a combination of arachidic and oleic acids. Kheiri and Mohd. Som 16 reported that the TAG composition of fat from eight clones of rambutan seeds were C50 0-1.2 , C52 0-7.0 , C54 12.5-21.6 , C56 34.6-39.1 , C58 28.8-47.2 and C60 1.5-6.6 . Thus, TAG from the C56 and C60 groups which are labeled a-e in Fig.  1 could be OOA, AOS, AOA, GOA and AOB and their isomeric forms, where A, O, S and G are arachidic, oleic, stearic and gadoleic acids, respectively. Together they represented more than 77.7 to the total TAG. The last TAG to elute from the column was found to be AAA 1. 4 , a C60 TAG which melts at 75-78 .
In comparison to other vegetable butters, the TAG composition of rambutan seed is unique due to the high concentration of arachidic acid. The Malaysian cocoa butter contained POS 40.78 , SOS 29.35 and POP 18.08 as the major TAG 29 
Thermal behavior
In DSC analysis, the ends of melting and cooling ranges are determined by the position of the offset of the last peak. Each individual fatty acid has its own melting point and since fats and oils are essentially mixtures of various fatty acids as TAG, so, they do not have sharp melting point. The DSC melting and cooling thermograms of the rambutan seed fat are shown in Fig. 2 . The fat has a high melting point 39.2 , whereas the crystallization point is 33) Illipé butter (S. stenoptera) 31) Illipé butter (S. marcophylla) 32) Kokum butter (G. indica) 31) Cocoa butter (T. cacao) 29) Lauric Table 5 , possibly due to the presence of TAG such as AAA. Therefore, it is semi-solid at room temperature. As shown in Table 2 , the melting point of rambutan fat 39.2 is found to be comparable with other vegetable butters ranging from 32 to 43 .
Solid fat content
The solid fat contents of rambutan seed fat and other vegetable butters are shown in 29) Shea butter (B. parkii) 34) Illipé butter (S. stenoptera) 34) Kokum butter (G. indica) 35 
Characteristics of Nephelium lappaceum (red-skin rambutan) seed and fat
and mee fat in term of stability and resistance to oil exudation at room temperature.
Aroma pro le
The aroma profile of red-skin rambutan seed fat is shown in Fig. 3 as both the zNose ultra-fast GC chromatogram and polar plot/VaporPrint TM . No report on the volatile constituents of rambutan seed fat has been reported. It can be clearly seen from the VaporPrintTM that the fat has a distinct aroma profile. Ong et al. 38 reported that β-damascenone, ethyl 2-methylbutyrate, 2,6-nonadienal, E -2-nonenal, and nonanal were the main contributors to the aroma of red-skin rambutan fruit. The exotic aroma character of rambutan is fruity-sweet and fatty-green odors, with the possible contribution of civet-like -sweaty, spicy, and woody. Laohakunjit et al. 39 reported that the most abundant volatile compounds in rambutan Nephelium lappaceum L. var Rong-rien fruit were isocitonellol, 3-hydroxy-2-butanone, pentanal, and 4-tridecyl valerate. Wong et al. 40 reported that the major components among rambutan volatiles were aliphatic alcohols 49.0 , sesquiterpenoids 20. 5 and carbonyl compounds 19.5 predominated, 2-methylbut-3-en-2-ol 21.9
and β-caryophyllene 10.4 .
Conclusion
Red-skin rambutan seed fat is unique in being a fat high in arachidic acid, not found in most vegetable oils and butters. This is interesting as the fat is high in saturated fatty acids 45. 85 and is semi-solid at room temperature. As such, the fat can possibly be used in the formulation of high premium specialty fats like confectionary fat, etc. Blending with a softer oil or even a harder fat may lead to products with broader usage. Modification of red-skin rambutan seed fat by interesterification could be made it suitable as a cocoa butter alternative.
